Handwashing education and promotion are well established as effective strategies to reduce diarrhea and respiratory illness in countries around the world. However, access to reliable water supplies has been identified as an important barrier to regular handwashing in low-income countries. Alcoholbased hand sanitizer (ABHS) is an effective hand hygiene method that does not require water, but its use is not currently recommended when hands are visibly soiled. This study evaluated the efficacy of ABHS on volunteers' hands artificially contaminated with Escherichia coli in the presence of dirt (soil from Tanzania) and cooking oil. ABHS reduced levels of E. coli by a mean of 2.33 log colony forming units (CFU) per clean hand, 2.32 log CFU per dirt-covered hand, and 2.13 log CFU per oil-coated hand.
INTRODUCTION
Hand hygiene is an effective strategy for reducing the global burden of infectious disease, particularly respiratory and gastrointestinal illnesses (Aiello et al. ) . Clean hands prevent the spread of pathogens via the fecal-oral route, including the transmission of pathogens from hands to food and drinking water (Curtis & Cairncross ) . Previous research has documented that fecal bacteria levels in stored drinking water are positively associated with fecal bacteria levels on household members' hands (Pickering et al. b) , and that home drinking water storage containers allowing hand-water contact are associated with increased incidence of diarrheal disease (Trevett et al. ) . Diarrhea is one of the leading causes of childhood mortality, and handwashing with soap has been found to reduce episodes of diarrhea by an average of 30% (Ejemot et al. ) . Although soap is widely accessible around the world, there is evidence that adoption of regular handwashing can be affected by limited and unreliable quantities of available water supplies (Tumwine et al. ;
Wolf-Peter et al. ).
Alcohol-based hand sanitizers (ABHS) are an alternative to handwashing with soap that do not require water.
They have been found to improve hand hygiene compliance, and to significantly reduce the rate of infection, in health care settings (Widmer ; Fendler et al. ; Mody et al. ) . Several laboratory studies have demonstrated that ABHS can reduce bacterial test organisms such as Escherichia coli, Staphylococcus aureus, and Serratia marcescens by greater magnitudes than soap and water (Bloomfield et al. ) . ABHS efficacy has also been shown to be equal or better than handwashing with soap at removing bacterial contamination in field settings among veterinary staff in Canada (Traub-Dargatz et al. (Davis et al. ) , and mothers visiting a health clinic in Tanzania (Pickering et al. a) . Previous research suggests that ABHS is not as effective as handwashing with soap at removing spore forming bacteria such as Clostridium difficile from hands (Oughton et al. ) . Hands were inoculated by having the subject rub 1 mL of E. coli suspended at a concentration of 10 7 /mL in Tryptic Soy Broth (BD, Franklin Lakes, NJ) over all surfaces of their hands until visibly dry. For dirt and oil efficacy tests, dirt or oil was applied after the hands had been inoculated with E. coli. Pre-weighed vials of dirt were prepared containing 0.2 g of soil that had been collected from Tanzania, transported to Stanford University, and autoclaved. The dirt was applied to one palm of the subject's hand and he/she was asked to rub his/her hands together to work the dirt into the skin on the palms and fingers.
), livestock handlers in the US
For the cooking oil efficacy test, 0.5 mL of corn oil (ConAgra, Memphis, TN) was dispensed onto the palm of one hand using a Repipet II Dispenser (Thermo Scientific, Waltham, MA). The subject then rubbed both hands together to coat both hands with oil. If both volumes for a sample gave results that were within the detection limits, these results were averaged together for the analysis.
All results were log 10 transformed for analysis. Paired t-tests were used to calculate mean log-reduction of E. coli after use of ABHS under the three different treatment conditions. Paired t-tests were also conducted to detect significant differences in log-mean reductions by ABHS on clean versus dirt-covered and clean versus oil-coated hands.
P-values below 0.05 are considered statistically significant.
RESULTS
Study volunteers included 10 males and 5 females, with a mean age of 28 years (standard deviation (SD) 4.5), and all were right handed. Volunteers reported washing their hands a mean of six times per day (SD 4, median 5), and most reported using hand sanitizer only when handwashing facilities were not available (66%) or never having used hand sanitizer (27%).
The use of ABHS significantly reduced the levels of E. coli recovered from subject's hands for all three treatments by similar magnitudes (Table 1) . Paired sample t-tests of levels of E. coli before and after the use of ABHS found mean log reductions of 2.33 (standard error (SE) 0.2), 2.32 (SE 0.2), and 2.13 (SE 0.1) log CFU/hand on clean hands, hands with dirt, and hands with oil, respectively. However, no significant difference in mean log reduction or mean percent log reduction was found between clean versus soiled hands (paired t-tests, all P > 0.3) (Figure 1 ).
Almost all participants (93%) felt that ABHS was either 100% effective or mostly effective at removing the bacteria It is important to acknowledge that this was a study conducted in a laboratory setting, where visibly dirty and visibly oily hands were simulated by the application of these materials to subject's hands. These results may not represent the level of efficacy that would be achieved by ABHS on hands naturally soiled with dirt or oil. In fact, the bacteria reductions on clean hands detected in this work were much greater than what has been observed in field studies.
In Dar es Salaam, Tanzania, Pickering et al. (a) observed a log-mean reduction of only 0.66 CFU E. coli per two hands among mothers using the same ABHS product and the same microbial sampling methods, whereas this study detected reductions greater than 2 log units.
Bacteria grown in the laboratory may attach to skin dif- 
CONCLUSION
The presence of dirt and oil in visible amounts on hands does not appear to have a significant shielding effect on the antimicrobial efficacy of ABHS against the fecal indicator bacteria E. coli. ABHS may be a useful strategy to make hands safer in conditions of soiling, especially when water and soap is not readily accessible, a situation common to developing country settings.
